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INTRODUCTION

This report presents the assessment of soil contamination in the
0lin Company facility at 7621 Wallisville Road, Houston, Texas as of
June, 1982. The report describes.the methods and materijals used to
provide unbiased data sources upon which the assessment'was based.
The assessment utilizes 3 data sources: (1) the chemical analysis
of soil samples taken at the 0lin site and check sites, (2) a SYMAP
projection of the concentration - areal distribution of specific soil
toxicant over the 01in and check sites, and (3) the estimated concen-
tration of soil toxicants in soil solution based on equilbrium con-
stants of the toxicants and their concentrations in the soil samples.

The following individuals and organization contributed their
talents and resources to this project:

1. Dr. Eugene Brams, soil scientist, principal con-

su]tant and coordinator of the project - Pollution
Assessors, 9718 Clanton, Houston, Texas 77080
Phone (713) 462-8194, (713) 857-2317
2. K.W. Brown Associates, Inc,
707 Texas Avenue, Suite 202 D
Coliege Station, Texas 77801
Phone (713) 693-8716
3. Soil Engineering, Inc.
Mr. Andre P. Delflache
4189 Bellaire Blvd. '
Houston, Texas 77025

Phone (713) 668-0493
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1 4. Dr. Eliot Atlas, Organic Chemist
2 Dr. C.S. Giam, Organic Chemist and Director
3 Environmental Services
4 Department of Chemistry
2 Texas A & M University
6 College Station, Texas 77843
7 Phone (713) 845-5235
8 5. Dr. Terry R. Larsen - Professor of Architecture
9 Department of Environmental Design
10 College of Architecture and Environmental Design
11 Texas A & M University
12 College Station, Texas 77843
13 Phone (713) 845-1143
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st of Tableg — o e

10,

1.

12.

Field description of soil core samples.

Toxaphene concentration {ug/kg) in soil samples from

study sites,

Concentrations of DDT and metabolites (ug/kg) in soil
samples from study sites.

Concentration of selected chlorinated hydrooarbon .insecti-
cides (ug/kg) in soil samples from study sites,
Concentration of chlorinated benzenes and chlorinated
biphenyls (PCB) (ug/kg) in soil samples from study sites.
Code of toxicant concentrations for toxaphene, DDT, PCB,
pentachlorobenzene, hexochlorobenzene in upper soil sahp]es
of 0lin and check sites for interpretation of SYMAPS.

Code of toxicant concentrations for chiordane, dieldrin,
hexachlorocyclohexane in upper soil samples of 0lin and
check"sites for interpretation of SYMAPS,

Estimated amounts of toxicant retained in the upper soil
cores over 0lin site.

Estimate mean concentrations of toxicants in upper soil cores
in 0lin and check sites compared.

Estimated percentage. of Olin site contaminated by specific
toxicants exceeding 1 ppm concentration in soil.

Relative estimated mean concentrations of toxicants in

Olin and check sites to assess magnitude of soil adulteration.

Estimated equilbrium concentrations of toxaphene in ambient
soil solution of upper soil cores in 0lin and check site

from concentration values of soil samples exceeding 1 ppm
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13.

14.

15.

16.

17.

18.

and experimentally derived K values.

Estimated equilbrium concentrations of DDT in ambient soil

solution of upper soil cores in 01in and check site calculated

from concentration value of soil samples exceeding 1 ppm DOT
and experimentally derived K values. |

Estimated equilbrium concentrations of Dieldrin in ambient
5011 solution of upper soil cores in 0lin and check site
caloulated from concentration values of soil samples exceed-
ing 1 ppm Dieldrin and experimentally derived K values.
Estimated equilbrium concentration of Chlordane in ambient
soil solution of upper soil cores in 0lin and check site
calculated from concentration values of soil samples ex-
ceeding 1 ppm Chlordane and experimentally derived K values.
Estimated equilbrium concentrations of Hexachlorobenzene

in ambient soil solution of upper soil cores in 0Tin and
check site calculated from concentration value of soil
samples exceeding 1 ppm Hexachlorobenzene and experimentally
derived K values,

Estimated equilbrium concentrations of Biphenyl (PCB) in
ambient soil solution of upper soil cores in 0lin and check
site calculated from concentration values of soil samples
exceeding 1 ppm Biphenyl and experimentally derjved K values,
Estimated concentration of Hexachlorocyclohexane in ambient
soil solutijon of upper soil cores in 0lin and check site

calculated from concentration values of soil samples ex-

ceeding 1 ppm Hexachlorocyclohexane and experimentally derived

K values.
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. 19, Cdmparison of select toxicant concentrations in ambient

soil solutions in O7in and check sites of soil samples con -

centrations exceeding 1 ppm of respective toxicant.
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Methods used to trim core sample, (a) plastic, clayey cores
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cores and (b) hard, crumbly cores or those containing large
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A typical soil sample extract containing very low concen-
trations of toxicants as shown in GC cb]umn printout.
-G C print of tpxaphene standard.

G C column print of soil sample extract showing toxaphene
and DDT peaks.

G C column print of PCB standard.

G C column print of soil sample extract showing PCB
peaks..

G C column print showing standard peaks for select
toxicants.
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Sectjon I - Acquisition of soil samples

1.1 Soil sampling plan - A soil sampling plan designates in an

unbiased and random manner which units (soil samples) Ofbthe population
(soil in Olin and check sites) are taken as representative of that
population. The plan employed in the 0lin site survey was a systematic
sample plan involving a random sampling of soil from selected units
spaced at regular distances along 2 dimensions in a grid design where
the intersection of the grid lines identify the unit Iocétions.(1>(see
map of 01in site, Figure 1). This design provided an Umbiased, efficient
and rigorous sampling of the site at minimum cost.(l) Because greater
soil contamination was suspected in the northern portion of the site,
the sample locations were spaced closer providing more observations per
unit area than the southern part where less soil adulteration was sus-
pected. Included in the systematic plan were 2 judgement samp]es(l)
to measure toxicant load in soil of areas surmised as waste dump
areas.(4)

Two check sites were located in a residentiaT“aréa'approximate]y
2000 M from the 01in site within an environment similar to the 0lin
site with respect to industrial activity, particulate fallout and/or
aerosol dispersants, and soil series (Lake Charles C]aygséig. 2. The
latter parameter is particularily important because soil broperties
profoundly influence the retention of organic toxicants. The check
sites were uninhabited, thickly weeded, residental lots which apparently
had not been used for gardening, recreation, or as a homesteéd since

the area was settled (since 1940). The sample Tocations in the check

site were judgement samples sited in an area of levelterrain and typical

- [Jd.L.T C H)
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soil (Lake Charles) profile based on a preliminary examination.
The number of sample units (N) over the 0lin site was estimated
from the relationship, N=4 sZ/L2 where 52 is the population variance,

L2 is an acceptable variance selected for our survey, and N is the

(2)

number of samples. From a preliminary report by EPA toncerning

soil contamination at the 0Olin site(3), it was determined that only 12
samples of soil were analysed for DDT. The mean concentration of DDT
was 4357 ppm with a standard deviation of 1000 ppm. Since these were
the only data available for the 12 samples, they were utilized as the
values measuring the DDT distribution in the population (The 0lin Site);
For our study we assigned a 1imit of 500 ppm as a generic standard de-

viation for the toxicants we were to measure (5002=L2

). Substituting
these values into the above equatjon provided a benchmark N of 16-20
samples for the site. Therefore, for this survey, 23 random soil
samples Tocations were assigned to the 0lin site including the judge-
ment samples and 2 samples to the check sites, 1 sample from each of
the 2 check sites (Fig. 2).
(1) Peterson, R.G. and Calvin, Z.D. 1976. Sampling, In
Methods of Analysis. Part 1. No. 9 Agronomy Series.
American Society of Agronomy, Madison, Wis., U.S.A.
(2) Snedacor, G.W. and Cackran, W.C., 1982. Statistical
Methods 7th Edition, lowa State University Press,
Arnes, Iowa, U.S.A.
(3) E.P.A. January 19, 1981, Code PVL. Letter to S. Pacific
Transporation Company c/o Mr. H.B. La Tourettee, General

Attorney, 913 Franklin Ave., Houston, Texas 77002
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() E.P.A., 1982. Photographic Analysis of the O1in Hazardous

Waste Site on Wallisville Road, Houston, Texas pp. 11-14.

(5) Soil survey of Harris County and Harris County Flood Control

- District, U.S.D.A. and Soil Conservation Survey, Temple,

Texas.,
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Section 1.2 - Soil sample core collection and sample preparation -

methods and materials

Preparation

The sample sites were located using the N. E. corner fence post as
the base ﬁoint, measuring along the E. fence to the S. E. corner of the
property with a flexible steel tape to fix the Tocation of the grid
lines according to the design shown on the chart (Fig. 1). The grid
lines were delineated in the field by affixing bright colored plastic
flag strips to the E. fence. The same procedure was followed along the
W. fence beginning at the junction of the W. and N, fences moving to
the S. W. end of the property. The intermediate sample points along the
respective grid lines were located by measuring the prescribed distances
along the grid lines using the plastic flag marker on the W. and E.
fences to align the intermediate sites which were then marked by red-
ribboned nails struck into the asphalt-concrete surface.

A truck-mounted hydraulic screw auger (4" diameter) and shelby-
tube core sampler 3" diameter-24" long housing (Soil Engineering, Inc.)
was driven to the respective sample sites to obtain the soil core
samples. The steel screw auger was used to penetrate the asphalt-
concrete paved surface and the overburden (fill). The fill was piled
away from the auger hole and excess material cleaned from the boring
by hand (using rubber-composition glovesY. When the soil surface was
reached, the auger was removed and the shelby-tube attached to the
hydraulic press. The corer was pushed to a depth of 24 inches, lifted
from the hole and the soil core removed from the tube by means of a
pressure piston rod. The soil core was cut crossectionally with a

steel knife into 2 parts and the fresh surfaces immediately examined

(V-
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10

for“thgmfp)]gwjpgrparamgtgrs; cq1or,.texture, odor, presence of foreign

material (debris),_sqil type and horizon differentiation. An estimation

of soil moisture was also made. The shelby-tube was cleaned by wiping

the inside surface with a clean cloth and a second, deeper soil core

was taken from 24" to 48" depth and examined as described above. The
auger and corer were wiped clean before the next site was sampled. Each
core was wrapped in aluminum foil to preserve moisture and volatile
agents. The wrapped core was placed into a plastic zip bag, labeled

as to site, depth,‘date, and name of investigator and placed in a card-
board container under a canopy in the rear of a pick-up vehicle. The
‘samples were transported that day to a deep freeze holder at College
Station, Texas. The surfaces of the soil cores were nof scraped of re-
moved in the field. We felt that this would induce contamination.
Instead, the cores were prepared in the laboratory by ¥. K. Brown Assoc.

and packed into sterile glass jars prior to sending them to the analy-

tical laboratory.
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Section 1.3 - Field description of scil sample cores

Descriptions of the fresh soil sample cores were made at the O0lin
and check sites for the following parameters:

1. Color

2. Soil series

3. Horizon differentiation

4, OQdor
5. Texture
6. Debris

The description of the cores are given in Table 1 and delineated
on the map of the 0lin and check sites in Figure 1 and 2. Sample site
is identified in the Table and map by the appropriate number. Soil
depth js designated in the Table as (1) a sample core taken just under
the fil1l to a depth of 24" (60 cm) or shallow depth. The number (2)
jdentifies a sample core taken from 24" to 48" (120 cm) or deep depth.

Table 1 - Field descriptions of soil sample cores

Sample

site depth description

1 1 0"-15" fi1l, sand, gravel, 15"-24" core,
‘grey blk., poor horizon, sulfur granules,
Lake Charles Series. (L.C.)

2 24"-40" grey blk, much debris, shell stight
_to strong odor, L. C., clay, shell mix,
2 1 g"-18" fill, black powder, shell, L. C.,

poor hor, strong odor, 18"-24" core sample
L. C., glass mix, clay, sulfur particles,
shell, glass, strong odor, no hor., some
clay.
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sample site  depth

description
2 24"-218"much debris, no hor., very strong
odor, clay grey blk, shell.
3 48"-60" L. C. strong odor, much debris, fair
hor., clay.
4 60"-84", L. C. good hor, some debris, sl.
odor, clay.

3 ] o"-19" fil11, 19"-24" core, lime fill, sulfur
granules, strong odor, poor hor.

2 24"-28" 1ime, sulfur streak, sl. odor, fair
hor.

4 1 0"-16" fill, gravel, 16"-24" core, L. C.
some debris, sulfur granules, strong odor,
fair hor,

2 24"-48", lime granules, clay, slight odoe,
grey black, fair to good hor.

5 1 0"-12" fi11, lime, sand, stone; 12"-24"
sample, grey bl. some debris, L. C. slight
(s1.) odor, clay.

2 24"-48" gr, bl. L. C. poor horizon (hor.),
much debris, strong odor, clay, rock.

6 ] o"-7" fill, sand, clay, shell: 7"-30" debris,
foundation brick red, 30"-40" core sample,
grey, black (gr. bl.) Lake Charles (L.C.),
debris, strong odor, clay.

2 48"-60" grey black (grey bl.), L. C. normal
“horizon, little debris, no odor, clay.

7 1 o"-12" fi11, 12"-24" poor hor., L.C.

mostly debris, no odor. Dark gr.
2

24"-48" much debris, poor hor., very si.
odor, L. C. clay.
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sample site depth . description
8 1 0"-12" fill, lime, stone, 12f—24" debris,
orange color, sulfur particles, no odor.
2 24"-48" poor hor., debris mixed clay, slight
odor, L. C. gr. bl.
9 1 0"-17" fill, strong odor from core hole,
17"-24" sulfur granules, some mottles, no
odor of sample. T
2 24"-48" no debris, good hor. L. C. grey bl.
no odor, clay.
1 1 ..Q"-20" fill, 20"-36", poor hor., clay, L. C.
some debris, sulfur granules, strong odor.
Light gr.
2 36"-48", some debris, L. C. strong odor
clay, rock mix.
11 -1 - QUe22" fill, -22"-36" L. C. sulfur streaks,
sl. odor, blk, debris.
2 36"-48" no odor, L. C. blue-blk color.
12 1 0"-22" £i11, 22"-36" poor hor., debris,
sulfur particles slight-strong odor, L. C.
- - Gy T e e
2 36"-48", L, C. clay, no odor, good hor.
13 1 0"-15" fill, assorted materials, 15"-24"
strong odor, L. C. clay, grey bl. some
.'mott]es.
2 24"-48", L. C, mottles, slight odor,
14 1 0"-18" fill, 18"-24" core sample, poor hor.
debris, black color, grit strong odor.
2 24"-48" poor hor., clay debris is clay,
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sample site

depth description
mix, black grit soot-like, sligh odor.
15 1 0"-36" deep fill, clay, rock, lime, shell.

no hor. possible ditch site or railsite.

site-is -highest level o .

of area
2 36"-44", no odor, no hor., debris, clay mix.
3 44"-56" some debris, L. C. grey bl., no odor
to sl. odor.
16 1 o"-12" fi11, 12"-24" sample core, light grey
ST S b1, slight odor, clay. T
2 24"-48" debris, gravel, shell, L. C. sl. odor.

17 1 o"-10" fil1l, 10"-24", L. C. slight odor,
small debris, grey bl. clay.

s ...24"-48", L. C. clay, no debris, sltight odor.

18 1 0"-11" fi11, sand black grit, 11"-24" core
black, gritty, poor hor. slight odor.

2 24"-48", poor hor. glassy, gritty material
black no odor, L. C.

19 1 0"-24" fill, 24"-48" core sample, debris,
grit, shell, poor hor. L. C. much stone, and
organic matter, slight odor; Little clay.

2 48"-72", L. C.good hor, clay, grey bl.,
slight odor.

20 ] 0"-11" fi11, 11"-24" sample core, L. C.,
no odor, clay sand mix.

2

27

24"-48", L. C. some debris, gravel, slight
odor, clay.




N A N E EE BN I I N EE B . E B N N I - .
Y

r

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

15

sample site  depth

description

21 1 o"-16" fill, 16"-024" core sample, L. C.
“~good hor. no debris, no odor, some lime
streaks, clay.
2 24"-48", L. C. good hor. no debris, no odor,
clay.
22 1 0"-12" fill1, 12"-24" sample L. C., some lime;
clay, no odor, good hor.
T T T T4 agv, L. C. grey bl., no odor, clay, nor
debris.
23 1 0"-10" fill1, sand, gravel, 10"-24", L. C.
B _ grey.bl. no debris, clay, no odor.
2 24"-48", L. C. good hor., no odor, .gr. bl,
clay.
5A . ... 1L L 0t=12" fi11,. 12"-24" very strong odor. L. C.
poor hor. much debris, sulfur streaks.
2 24"-48" very strong odor, L. C. very bl,
No debris, fair hor.
6A ] ©0"-18" i11, 18"-24" L. C., poor hor. debris-
' strong odor grey bl., clay, shell.
2 24"-48" L, C. Tittle debris, grey bl. clay,
strong odor.
Check site depth description
C1 1 o" fill, 9"-24", core, L. C., typical hor.,
no debris, earthy, fresh odor, grey bl., clay.
2

24"-48", L. C. fresh earthy odor, clay no
mottling. Site on lot, corner of E. Wallis-
field and Exchange, 500 ft. S. on Exchange.
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Check site depth description
C2 1 0" fi11, 8"-24", L. C., some stone, no odor,

clay gr. bl., typical hor.

2 24"-48" L, C., no debris, excellent hor.
clay, earthly, fresh odor. Site on lot,
corner of Harbor and Aldson.
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C.B.I. CLAIM WAS WAIVED
- 40 C.F.R. §2.205(d)(1) -
- [J.L.T. (6C-H) Dec83] -
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Section 2 - CORE HANDLING “IND SUBSANPLE PROCEDURES - This part of
- Sé&tion 2 of this report writtén an& submitted by K.W.
Brown and Associates, Inc., 707 Texas Avenue S., Suite
202D, College Station, Texas 77801

2.1 Introduction and Objectives

Personnel at K. W. Brown and Associates, Inc. (KWB) were contacted
on May 27, 1982, by Dr. Eugene Brams of Pollution Assessors regarding
a former industrial site which was potentially polluted with residues
from the formulation of chlorinated pesticides. KWB agreed to assist
in a sampling program at the site to assess the degree of pollution,
if any, of soils and surface fill and debris. Preliminary actions in-
cluded a visit to the site by Mr. Gordon Evans of KWB, the project
supervisor, discussions with Dr. Brams concerning sampliing strategy,
and acquisition and review of historic data (i.e. sample analyses and
aerial photos).ﬂ.A sampling plan specifying sample locations was
developed by Dr. Brams in consultation with Mr, Evans, and KWB scheduled
a contractor to provide the soil coring equipment and technicians.
Mr. Evans arrived at the site a second time on June 21, and assisted
Dr. Brams and the soil coring contractor in obtaining samples from the
Tocations designated in the sampling plan. The following is a descrip-
tion of procedures employed by KWB in packaging, transporting, sub-

sampling and delivering the soil core samples.
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2.2 Chain of Custcdy Procedures - - - -

A sample security, identification and tracking system was used to
assure positive sample identification and to prevent knowing or unknow-
ing tampering by outside parties. In the field, sample bags were each
assigned a sample code number using an indelible marker. Two seals
were then placed on each “zip-lock" sample bag such that samples could
not be removed without breaking one or both seals. A chain-of-custody
form (sample form attached) was completed and signed by Mr. Evans, and

all samples remained in his custody until they were relinquished to

.the Texas A & M University Chemistry Department laboratory for analysis.

2.3 Sample Transportation and Storage

After packaging core samples in the field, boxes containing the
sample bags were immediately transported by truck to College Station,
Texas. During sampling and transport, core samples remained at am-
bient temperatures, approximately 30°. Sampling time was approximate-
ly seven hours while transport to College Station required two hours.
Minimal losses of the compounds of concern would occur at this ambient
temperature in such a short duration since these compounds are persis-
tent in the environment, with compound half-Tives in soil on the order
of months or years. Upon arrival at KWB facilities, the samples were

placed in cold storage at Tess than 0°C while awaiting subsampling.

2.4 Subsampling Protocol

Preparation of samples before delivery to the laboratory was
necessary to avoid cross-contamination of samples as well as to provide
a practically manageable quantity for analysis. Subsampling also pro-
vided a practically manageable quantity for analysis. Subsampling also

provided material reserves in the event that additional testing was to
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be_needed or if the laboratory's samples were lost or damaged. The

subsampling protocol was as follows:

(1)

(2)

Samples were removed from cold storage and carried to

KWB Taboratories for preparation

Work table was cleaned and covered with a layer of heavy-
duty aluminum foil to provide a clean working surface
Technicians were outfitted with rubber gloves for personal
safety

Sample bags were arranged in order from Jeast to most con-
taminated, as judged by Mr., Evans based on field observations
and aerial_photo interpretations

Bags were opened only as needed to prevent accidental in-
termingling which could result in erroneous sample labeling
Likewise, subsample jars were labeled only as needed

As each core was removed from its bag, the aluminum foil

wrap was unrolled from the core and spread to provide an
individual work surface (if cores were handled directly on
the table, sample cross-contamination could occur)

The exterior of the cores were trimmed, exposing the interior
portion which had not contacted the metal shelby tube used

in the field to obta%n the samples (see Figure 1). Stainless
steel knives were used to trim and subsample. These knives
were prewashed in tap water followed by rinsing in chromato-
graphic grade acetone (acetone, an organic solvent, aisso1ves
and removes traces of the organic chemicals of concern).

One of two methods of trimming was used (Figure la or b)

dependent on the texture of the given core. Plastic, clayey
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““Cores were trimmed by method "a", while hard crumbly cores
or those containing large debris were trimmed by method "b".
(9) Subsamples consisted of lengthwise slices or wedges of pre-
trimmed cores to provide a proportional sample from thé
entire core length (see Figure 2). Method “a”.or "b" was
used for. each core which had been pretrimmed according to
method "a" or "b" in Figure 1, respectively. A subsample
of about 250 grams mass was separated out of each approxi-
mately 2000 gram core. |

(10) Subsamples were placed in prewashed and labeled screw-cap

glass jars which were supplied by the TAMU chemistry labora-
tory doing the analysis. Aluminum foil cap liners were
plaved over the jar mouth before the caps were h]aced on

the jars.

(11) After subsampling, the remaining core material was re-

packaged in the orginal foil wrap and zip-lock bags.

(12) Subsampling was begun on the afternoon of 23 June 1982

and finished during the afternoon of 24 June. All samples
and subsamples were kept in secure cold storage during
the night of June 23, until resumption of work.

On the afternoon of 24 June, all samples and subsamples were
transported by Mr. Evans to the TAMU chemistry laboratory. There he
was met by DOr. Eliott Atlas, chemist in charge of analysis, and all
materials were placed in cold storage. Mr. Evans then dated and
initialed the chain-of-custody form and relinguished possession to

Dr. Atlas, who in turn signed and dated the chain-of-custody form.
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CHAIN OF CUSTODY RECORD

Sample Source (Company)

Sampler

Witness

Dates

Sample Type

Sample Numbers

Preservation Method

Analysis Required

Recipients:
] . Date Date Initials
il Company Signature Received Released (Release)
1)
3)
4)
5) '

6)
7)

8)

)]

10)

1
i
I
i
I
i
i
1
I o
I
i
I
1
i
i
1
|
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CLEAN SURFACE

Figure 3 Methods used to trim core samples, (a) plastic, clavey

cores and (b) hard, crumbly cores or those containing
larae debris or gravel.
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SUBSAMPLE FOR AMALYSIS

Figure &4 Methods used to subsample pretrimmed cores, (a) plastic,
clayey cores and (b) hard, crumbly cores or those
containing large debris or gravel.
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Section 3 - Chemical analysis of soil samples - from a report prepared
by Dr. E. Atlas in consultation with Dr. C. S. Giam, en-
vironmental Services, Dept. of Chemistry, Texas A & M
University, College Station, Texas 77843.

This report describes the results of chemical ana]yéés of soil
samples from a site in Houston, Texas. The objective of the study was
to determine the concentration of selected chlorinated hydrocarbons
(e.g. pesticides) at the study site in Houston. Selected compounds in-
clude toxaphene and DDT (Figure 1), as well as HCB, HCH, chlordane and
PCB.

Details of the methodology are presented in the technical section
submitted in a separate report which is included in its entirety in the
Appendix. The report by the organic chemists is an independent apprai-
sal of soil contamination at the O0lin site, known only to them as a
Houston site. This assessment requested by the coordinator (Dr. Eugene
Brams) and the attorney (Mr. Robert Maher) as substantative information
to the coordinator assessment of the soil contamination at the Olin
site. Nolother information was provided concerning the site other than
required in the chain of custody form (See Section 2.2).

Briefly, soil samples collected at the site were subsampled and
stored frozen until analysis. The organic compounds were extracted
from the soil using suitable organic solvents. Separation of the com-
plex mixture of compounds. in the extract was carried out by absorption
chromatography followed by capillary gas chromatography (GC). Examples
of instrument (GC) responses to toxicants in soil extracts and standard

concentrations in solvent of select toxicants are shown in the following

representations of data printout recorder responses. In the printout,
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Z?iéh;ég’s, 7, 8;-9, aﬁd {{3 the sample of aﬁéyéicél soil é%tfactAiﬁ
identified by the soil sample number in the upper left corner. Included
is the dilution factor required to reduce the concentration of the se-
lect toxicant in the extract to levels within the detectable range of
the instrument. Examples of select standard recorder reéponses are
given in Figures 6, 8, and 10, The response peaks to the standard
toxicant can be compared to the peaks found in the soil sample extracts

and identifies the toxicant. The peak area is used to calculate the

concentration of the soil toxicant.
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Arccicr 1280 (PC3) Stancard
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FIG. 9 GC COLUMN PRINT OF SOIL SAMPLES EXTRACT SHOWING PCB PEAKS
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SELECT TOXICANTS
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Section 4 - Results of chemical analysis of soil samples

4.1  The concentrations of toxiéénfs fn respective soil samples are
given in Tables 2, 3, 4, and 5. The first column in the tables identi-
fies the number and location of the soil sample as delineated on the
geographical maps of the Olin and check sites (Figures 1 and 2). The
second number indicates the depth in the soil profile at which the
sample was taken, where (1) indicates a composite sample taken from a
core to a depth of 24 inches (30.5 cm) under the asphalt-concrete
mantle and number (2) indicates a composite sample from a deep core
sampled from 24 to 72 inches (183 cm) in the profile. The concentrat-
ions of the toxicants are given in the second column in micrograms per
kilogram (ug/kg) or parts per billion (ppb) of air-dry soil. To assess
the concentration of the respective toxicants in measures of micrograms
per gram (ug/gso%]) or parts per million (ppm) divide the table values

by 1000. The symbol (< ) indicates values “less than" the stipulated

value,

C.B.I. CLAIM WAS WAIVED

- 40 C.F.R. §2.205Fdr) -
- [J.L.T. (6C-H) Decs2] -
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Figure 1 -

Figure 2 -

Map of the 01lin site delineating soil sample
core location, pre-existing building and

Structures and site borders.

Map of check sites delineating geographical

reference to Olin site, residential lots

~(sites of samples) and soil sample core

locations in lot site,
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l ;’ Table 2
l Toxaphene concentration (ug/kg) in so0il swmples from study site.
' Sample Designation Toxaphene Concentration
1-1 1080
l 2-1 701000
3-1 | 421000
I 3-2 342000
4-1 <5
5-1 95
I 5A-1 <7
6-1 <4
' GA-1 71100
7-1 126
l 8-1 <6
9-1 <5
l { 10-1 7000
11-1 . 3110
l 12-1 <4
13-1 27000
14-1 » <2
' 15-1 ' <5
16-1 <7
I 17-1 13400
18-1 15G0
I 19-1 ) <4
20-1 . <4
. 21-1 <4
22-1 ’ 40
l 23-1 7
Ci-1 164
l c2-1 . 156
i
1
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Concentrations of DDT and metabolites (ug/kg) in soil samples

from study site.

Sample Designation DDE* DDD* DDT* = DDT**
1-1 105 453 248 806
2-1 8000 11100 69800 88900
3-1 17200 36700 22600 76500
3-2 427 17100 15600 33100
4-1 <1 <1 12 12
5-1 <1 <1 35 35

5A-1 1 <1 7 8
6-1 55 40 14 109
6A-1 309 30400 3326 33762
7-1 488 173 39 700
8-1 3 <1 63 66
9-1 19 9 9 37
10-1 N 1500 3 13600 15100
11-1 1470 1686 616 3769
12-1 <3 <1 S 9
v 13-1 21300 5930 3470 30700
14-1 783 12200 5100 18100
i5-1 <2 <1 10 10
16-1 I 4 34 45
17-1 7104 402 5960 13500
18-1 ~ 390 419 1080 1880
. 19-1 _ 9 24 8 41
20-1 <1 <1 S 5
21-1 ) 4 4 11 19
22-1 79 127 7 206
23-1 12 3 46 61
Cl-1 2 <1 688 690
Cc2-1 126 <1 24 150
* includes both o,p and p,p' isomers

**..DDT = DDE + DDD + DDT
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Concentrations of selected chlorinated hydrocarbon insecticides
(ug/kg) in soil samples from study site.

Sample Designation

C1-1
2-1
3-1
3-2
4-1
5-1

5A-1
6-1
6A-1
7-1
8-1
9-1
10-1
11-1

12-1

13-1

14-1

15-1

16-1

17-1

18-1

19-1

20-1

21-1

22-1

23-1

Ci-1

C2-1

Hexachlorocyclohexane Chlordane Dieldrin
3230 122 18
11100 10800 4260
5600 10700 2190
4180 3041 2471
166 1 <1
6 <1 <1
55 1 <1
<1 3 <1
2440 10690 814
12 65 <1
82 <1 <1
32 1 <1
147 485 310
120 765 36
<2 <1 <1
641 2430 1080
<2 474 185
S <1 <1
7520 <1 <1
361 633 490
5 215 22
<2 6 2
<2 <1 <1
<2 1 <1
<2 56 31
<2 18 10
"2 10 20
<2 <1 <1
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Concentration of chlorinated benzenes and chlorinated biphenyls (PCB)

(ug/kg) in soil samples from study site.

Sample Designation

i-1
2-1
3-1
3-2
4-1
5-1
S5A-1
6-1
6A-1
7-1
8-1
9-1
10-1
11-1
12-1
13-1
14-1
15-1
16-1
17-1
. 18-1
19-1
20-1
21-1
22-1
23-1
Ci1-1
Cc2-1

Pentachldrobenzene Hexachlorobenzene PCB*

8 63 1

2560 70500 10700

2930 12400 41300

-— 1680 2080

<1 <1 27

<1 <1 <1

<1 7 <2

<1 <1 <2

8 81 175

<1 34 8490

<1 <1 <1

<1 <1 <1

20 86 51

20 43 16800

<1 <2 4

183 212 176

53 153 2870

<1 <1 <1

S <1 273

64 79 393

4 13 174

<1 1 <1

<1 <1 5

<1 <1 <1

3 <3 1170

<1 5 20
<1
<1

*Calculated as the sum of Aroclor 1254 and Aroclor 1260.
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4,2 Symap projection maps of concentration - areal distribution of

soil toxicants in 0lin and check sites; Fiqures 12, 13, 14, 15,

16, 17, 18, 19, and 20.

Symap as used in this survey is a computer program_which provides

a graphic assessment of the concentration - areal distribution of
specific toxicants over a designated geographical area(l), in this case
the Qlin and check sites from discrete soil sample concentratijon and
location. The concentration range of the respective toxicants is
divided into discrete values which are uniformily distributed between
soil sample locations by isoline or contour lines. However, in this
study the concentration values are represented by raster symbols where
concentration are differentiated by grey-tone shading or hues within
small grids distributed over the area, an effect comparable to contour
lines. This treatment of discrete data points (the soil sample con-
centration and location) does not "smear" or average the data over the
area between sample location as for example a location having very
high toxicant levels ( toxic waste disposal site) adjacent to several
low-level sites, but rather provides the best estimates of toxicant
concentrations in discrete values along the range of toxicant concen-
tration between the sample site of high concentration and the concen-
tration of the adjacent samp]és.

The Symap was prepared using 2,166 raster grids as shown by the
measurement marks along the X and Y axis encompassing the actual limits
of the 01in site (Figures 12-20). The concentration range for each

toxicant is divided into 9 discrete values represented by raster hues

labeled with value numbers,

[
[
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To quantitatively estimate the areal distribution of a respective
value number for a specific toxicant, simply divide the number of

occurrances by 2,166 to determine the proportion of the 0lin site con-

taminated.
The check sites were alloted a total of 325 occurrances or 162 per
site. To concerve space the Symaps of the check sites were placed

within the extra space provided for the 0lin site in each Symap pro-
jection. The check sites are represented by the 2 sgquare areasin the
Jower left hand corner of each Symap.

The concentration differential between value numbers (codes) 8
and 9 for the toxicants in Table 6 s 10 fold because the eatreme range
of toxaphene was taken as a standard. However, for the calculations
used to generate the data for the assessment of DDT, PCB. pentachloro-
benzene and hexachlorobenzene a range of 50,000 - 100,000 ppb and a
mid point concentration of 75,000 ppb or 75 ppm was used in code 9.

To transfer a point or an area from either the Symap‘projection
and the area map, locate the area or point of interest by the inter-

secting grid marks on the X and Y axis and transfer the counts to the

other map.
1) James W. Cerny, 1972. Use of the Symap Computor Mapping
Program, J. of Geograpﬁy 71, No. 3, March pp. 167.
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TABLE 6 - CODE OF TOXICANT CONCENTRATIONS FOR TOXAPHENE,

3+ 3+
DDT, PCB, PENTACHLOROBENZENE

,» AND HEXOCHLOROBENZENE,

VALUE CONCENTRATION MiDPOINT
NUMBER . RANGE CONCENTRATION
-PPB- PPB PPM
1 0 - 100 50 0.05
2 101 - 200 150 0.15
3 201 - 1000 600 0.60
4 1001 - 2000 1500 1.50
5 2001 - 5000 3500 3,50
6 5001 - 10,000 7500 /.50
/ 10,000 - 25,000 17,500 17.50
8 25,001 - 50,000 37,500 37.50
9 50,001 -700,000" 375,000  375.00

*THESE PECTICIDES HAVE A MIDPOINT CONCENTRATION ofF 75,000 PPB

oR /5. PPM FOR VALUE RANGE IN VALUE NUMBER 9,
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TABLE 7 - CODE OF TOXICANT CONCENTRATIONS FOR CHLORDANE,

DIELDRIN,

41

AND HEXACHLOROCYCLOHEXANE IN UPPER SOIL

SAMPLES OF OLIN AND CHECK SITES FOR INTERPRETATION

OF SYMAPS,

VALUE CONCENTRATION MIDPOINT

No. RANGE CONCENTRATION

~PPB- PPB PPM

1 0 - 10 5 0,005
2 11 - 20 15 0.015
3 21 - 100 60 0,060
4 101 - 200 150 0,150
5 201 - 500 350 0,350
6 501 - 1000 750 0.750
/ 1001 - 2500 1750 1,750
8 2501 - 5000 3750 3,750
S 5001 - 7000 6000 6.000
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Ficures 12 1o 20 ARE SYMAP PROJECTION MAPS OF THE
SPECIFIC TOXICANTS OVER THE OLIN AND CHECK SITES.
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Estimated amounts and concentrations of toxicants absorbed in
soil profile of 0lin and check sites and proportion of the
respective sites contaminated by specific toxicants. Estimates
were based on Symap concentrations and occurrance. Tables

8, 9, 10,..and 11.
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TARLE 8 - ESTIMATED AMOUNTS OF TOXICANT RETAINED IN THE

UPPER SOIL CORES OVER THE OLIN SITE,

ToXICANT
(7) Pounps
*TOXAPHENE (0.70) 2271
*DDT (3,02) 982
**PENTACHLOROBENZENE (0.22) 356
**HEXACHLOROBENZENE (0,22) 227
**PCB (8,12) 726
*CHLORDANE (0.22) 40
*DIELDRIN (0.22) 23
**HEXACHLOROCYCLO- (0.,22) 26
HEXANE
ToTaL ovER OLIN SITE 4oyl

CHECK SITE-TOTAL  (12.9)

QUANTITY

(2)
(0.32)
(1.37)
(0.10
(0.10)
(3,69)
(0,10
(0.10)
(0.10)

' (5,85)

(1)

KILOGRAMS
1033
- 466
162
103
330
18
10
12

2114

(1)EPA ESTABLISHED THAT THE DISCHARGE INTO THE ENVIRONMENT OF

*
1 pounp (0,454 KILOGRAM) OF THE FOLLOWING TOXICANTS AND 10

33t
PounDs (4,50 KILOGRAM) ™~ CONSTITUTE A HAZARDOUS WASTE DIS-

cHARGE (See ReFerence No, 40 CFR 117.11.

(2) PounDS OF RESPECTIVE TOXICANTS IN CHECK SITE,
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TABLE 9 - ESTIMATE MEAN CONCENTRATIONS OF TOXICANTS IN UPPER

SOIL CORES IN OLIN SITE AND CHECK SITE.(l)

ToXICANT

TOXAPHENE

DDT
PENTACHNOROBENZENE
HEXACHL&ROBENZENE
PCB

CHLORDANE

DIELDRIN

HEXACHLOROCYCLOHEXANE

SITE
CHECK

-- PPN

0,15
0.37
0.05
0,05
1.75
0.005
0,005
0,005

QuIN

48,7
34,6
12.9
7.91
24,8
0.99
0.77
0.92

CoNC. RATIOS
OLIN/CHECK

324
94
258
158
15

(1) CONCENTRATIONS FOR RESPECTIVE TOXICANTS ARE MEAN VALUES

BASED ON OCCURRANCES AND CONCENTRATION VALUES DELINEATED BY

SYMAP FOR RESPECTIVE TOXICANTS.
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TaBLE 10 - ESTIMATED PERCENTAGE OF OLIN SITE CONTAMINATED
WITH SPECIFIC TOXICANTS EXCEEDING 1 PPM concen-
TRATION IN s01L 1) anD OLIN/EPA STANDARD CONCEN-
TRATION COMPARED,

(1)THe 1 PPM CONCENTRATION IS USED BY EPA AS A GENERIC LEVEL
FOR ALL ORGANIC PESTICIDES IN SOIL WHICH IF EXCEEDED, IS TERMED
A HAZARDOUS CONCENTRATION,

ReFErRenCE: PersonNAL CommunicaTion NovemBer, 1982
MR, Dennis Guitp
EPA DaLLas, Texas 1201 Eim ST,
Reron VI

ENFORCEMENT DIVISION

e
o BN I TS EE EE I EE R N S I En e B N IS = .
™

MEAN conc. B
TOXICANT Exceeps 1 PPM  RraTio OLIn/EES
- % OF SITE - E
TOXAPHENE 46.9 4g,7
0T 77 4 T
PENTACHLOROBENZENE 49,5 12.9
HEXACHLOROBENZENE 21.5 /.9 E
PCB 82.3 24,8 E
CHLORDANE 18.6 0.99
DIELDRIN 19.0 0.77
HEXACHLOROCYCLOHEXANE 20,3 0,92
CHECK SITE TOTAL 00.0
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TABLE 11 - RELATIVE ESTIMATED MEAN CONCENTRATIONS OF
TOXICANTS IN OLIN AND CHECK SITES TO ASSESS
MAGNITUDE OF SOIL ADULTERATION.

ToxIicANT CreckD) 7 oF OLIn MEaN ofF Conc,
SITE SITE EXCEEDING OXICANT IN . .
CHECK VALUES LIN SITE EX-
CEEDING CHECK
VALUES
PPH % PPM
TOXAPHENE 0.15 59 ug.7
DDT 0.37 80 34,6
PENTACHLOROBENZENE 0.05 81 12.9
HEXACHLOROBENZENE 0,15 50 7.9
PCB 1.75 77 24,8
CHLORDANE 0.005 34 0.99
DIELDRIN 0.035 /6 Q.77
HEXACHLOROCYCLO- 62 0.92
HEXANE 0.005
X 72,3

(1)RePreseNTS 1007 OF THE CHECK SITE.
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4.4 Fstimated concentrations of toxicants in ambient soil solutions

in 01in and check site: Tables 12, 13, 14, 15, 16, 17, 18, and 19.

The estimated concentrations of soil toxicants in the ambient soil

solution based on octanol-water partition coefficients (K for the

yow)
respective pesticide toxicants in soil samples are given in Tables
12-19. The impact of organic toxicants retained in the soil matrix

on the quality of water bathing the matrix can be assessed by measuring
the concentration of toxicants in the soil solution in equilbrium with
soil particularly the organic carbaon component.(3) However, to deter-
mine the equilbrium constant for a specific pesticide, in soil, absorp-
tion isotherms of soils with different contents of organic matter and/

or organic carbon must be developed. Intensive investigations have

established however that octanol-water partition coefficients (K_ ) for

ow
specific pesticides (that is, the equilbrium constant (Ratio) of the

pesticide concenﬁration in a non-polar solvent like octanol and a
polar solvent, water) are correlated with equilbrium constants of pestid
cides in water and soil organic carbon (KOC ) in a highly significant
linear relaticuship (1,2) expressed by the following regression
equation:

Log KOC = 1,019 X KOw - 0.18 equation 1
Thus, using equation 1, it becomes possible to determine the KOC for
any pesticide with a known Kow' Once de is determined then the
following relationship permits the calculation of the toxicant in the

ambient solution:

KOC = ug toxicant absorbed/q of organic C in soil

ug/ml toxicant in ambient sol. equation 2
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Since-the Kot’ organic carbon concentration of Lake Charles Clay, and
concentration of toxicant absorbed by the soil are known, the calcula-
tion for the concentration of toxicant in ambient solution is straight
forward. Chiou(z) has noted that absorbient - water partition coeffic-
ients as compared to octanol-water systems give linear isotherm rang-
ing up to 2000 ppm of organic toxic in equilbrium concentrations. Thus,
this method of estimating solution concentration for specific toxicants
has been used‘to assess bio-accumulation of pesticides.(4)

A recent reevaluation of the use of octanol-water partition co-
efficients to estimate the retention of pesticides in soil has shown
that the high exchange capacity of expanding ciays specific in soils
contributes substantially to the retention of organic pesticides as well
as the organic carbon (5)(also see Chiou (2). The equilbrium solution
concentrations of the toxicants in the Olin site could increase due to
the presence of highly reactive clays coated with organic matter in-
herent in the soils of the Lake Charles series. However, to assess this
suggestion, soil isotherms would be required for specific pesticides
under conditions where the various components of the Lake Charles soil
are treated as independent variables.

Presence of toxic organic pesticides in the deeper soil profile
can be attributed to the movement of finer soil particale-size fractions
(usually high in organic carbon and specific surface area) which have a
larger sorption partition coefficient than coarser fractions and thus
sorb more toxicant.(6)

In addition, the relatively high equilbrium concentrations of toxi-
cants in soil solutions within the soil surface layer are reduced when

the solutions percalate into deeper layers and toxicants are sorbed by
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the goi] matrix. Thus, the equilbrium concentrations of toxicants in
soil solution reaching the water table (in the 01in site; a depth of
20') are usually attenuated. However, the very high levels of soil
toxicants in select soil sample locations in the 0lin site-prec]udes

a marked reduction of toxicant concentratibns at the water table, a
reduction estimated at 40% of surface equilbrium levels. No water
samples (E. ditch, wells or-cores) were taken at the 0lin site because
the toxicant concentration in water would vary with rainfall, runoff,
and contribution from unknown sites thus confounding any definitive
effect of the soil from the O0lin site may have had. In addition, soil

temperature and pH effect toxicant concentrations in water, but only

very slightly. Measurement of these parameters would not significantly

effect the result developed by the partition calculations.
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4.4 Estimated concentrations of toxicants in ambient soil solution

of 0lin site based on Symap concentration - areal distribution

projections. Tables 12-19,

C.B.I. CLAIM HAS WAIVED
s R T T e T

- - - [, _ - e = = -
= = = = = = = = = = = = =
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TABLE 12 - EQUILBRIUM CONCENTRATIONS OF JOXAPHENE ESTIMATED IN

e - ~AMBTENT SOIL SOLUTION OF UPPER 'SOTL CORES IN OLIN

AND CHECK SITE CALCULATED FROM CONCENTRATION VALUES
OF SOIL SAMPLES EXCEEDING 1 PPIl AND TOXAPHENE EX-
PERIMENTALLY DERIVED K VALUES.(l)

ToxapHene (&) Faurteriun>)
IN SOIL CONC. OF TOXAPHENE OCCURRENCE
CORES IN SOIL SOLUTION IN SITE
U6/ uG/ML %
1.5 0.08 6.2
3.5 0.19 10.8
7.5 0.42 8.5
17.5 1.02 6.8
37.5 2.18 2.5
375.0 | 21.91 12.1
X 6.04  ToTaL oF siTe 46.9
CHECK SITE
>1.0 0.0 100

(1) K varues civen in: P.S.C, Rao anp J.MM. Davipson, 1980,
ESTIMATION OF PESTICIDE RETENTION AND TRANSFORMATION
PARAMETERS REQUIRED IN NON-POINT SOURCE POLLUTION MODELS.
ENVIR, IMPACT OF NON-POINT SOURCE PoLLUTION EpIT. M.R.
OVERCASH AND J.M.Davipson, ANN ARBOR ScieENce PusL. INc.

(2) MIDPOINT VALUES OF CONCENTRATION RANGES USED IN SYMAP.,

(3) MAXIMUM ALLOWABLE CONCENTRATION IN COMMUNITY AND NAVIGABLE
WATERS ESTABLISHED BY EPA 1s 0,005 me/L (us/ML. PPM),
REFerence: 40 CFR 141,12 anp 40 CFR 129,103 (3),
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TaBLE 13 - ESTIMATED EQUILBRIUM CONCENTRATION OF DDT IN AMBIENT

pa

SOIL SOLUTION OF UPPER SOIL CORES IN OLIN AND CHECK
SITE CALCULATED FROM CONCENTRATION VALUES OF SOIL
SAMPLES EXCEEDING 1 PPM DDT AND EXPERIMENTALLY DE-

riven K vaLues, (U

pp7¢2) EQUILBRIUM OCCURRENCE
IN SOIL conc. oF DDT IN SITE
CORES . IN SOIL SOLUTION

uG/6 UG/ ML %

1.5 0.00031 11.6

3.5 0.0007/2 4.5

/.5 0.0015 5.7
17.5 0.0036 3.9
37.5 0.0077 /.4

75.0 0.0200 39.3

X 0.02 ToTAaL OF siTE /7.4

CHECK SITE
1.0 0.00 100

(1) As in TaBLE 12
(2) As 1N TabLE 12
(3) [AXIMUM ALLOWABLE CONCENTRATION IN COMMUNITY AND NAVIGABLE

WATERS ESTABLISHED BY EPA 1s 0.001 uc/L oR 0,000001
ue/ML (PPM)., Rererence: 40 CFR 129,101 (3),

' ]
\-------—--
P
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TaBLE 14 - ESTIMATED FQUILBRIUM CONCENTRATION OF DIELDRIN IN

AMBIENT SOIL SOLUTION OF UPPER SOIL CORES IN OLIN

AND CHECK SITE CALCULATED FROM CONCENTRATION VALUES
OF SOIL SAMPLES EXCEEDING 1 PP/l DIELDRIN AND EX-

PERIMENTALLY DERIVED K VALUES.<1)

DIELDRIN(z) EQUILBRIUM OCCURRENCE
IN--SOIL CONC. OF DIELDRIN. IN SITE
CORES IN SOIL SOLUTION
uc/G uG/ML %
1.75 0.03 9,0
3.75 0.06 5.2
6.00 0.10 u,8
X 0.06  TortaL oF s1TE  19.0
CHECK SITE
> 1.0 0.00 100.0

(l) As 1IN TABLE 12
(2) As 1N TaBLE 12

(3)  MAXIMUM CONTAMINANT LEVELS OF DIELDRIN IN COMMUNITY AND
NAVIGABLE WATERS ESTABLISHED BY EPA 1s 0,003 uc/L oOR

0,000003 ue/ML,

REFERENCES: 40 CFR 129,100 (3),
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TapLe 15 - LESTIMATED EQUILBRIUM CONCENTRATIONS OF CHLORDANE
[N AMBIENT SOTL SOLUTION OF UPPER SOIL CORES [N
OLIN AND CHECK SITE CALCULATED FROM CONCENTRATION
VALUES OF 30IL SAMPLES £xcE€DING 1 PPM CHLORDANE

AND EXPERIMENTALLY DERIVED K‘VALUES.(l)

()

CHLORDANE fQUILBRIUM OCCURRENCE
IN SOIL CONC. OF CHI.ORDAMNE IN SITE
S UG/G- e e/ ML B A
1.75 (.07t 5.2
3,75 0.1/0 2.6
6.00 0.2/0 10.8
X 0,200 ToTaL oF s1TE 18,6
CHECK SITE
> 1.0 0.00 100.0

(1) As 1n TapLe 17
(2)  As 1N TapLe 17
(3)  MAXIMUM CONCENTRATIONS OF CHLORDANE 1N COMMUMITY AND

NAVIGABLE WATERS ESTABLISHED BY EPA 1s 0.003 ug/L or
0.000005 ve/mL. ReFerences: 40 CFR 117.3, CFR 53:0110-3.
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TABLE 10 - ESTIMATED EQUILBRIUM CONCENTRATIONS OF HEXACHLORO-

BENZENE IN AMBIENT SOIL SOLUTION OF UPPER SOIL
CORES IN OLIN AND CHECK SITE CALCULATED FROM CON-
CENTRATION VALUE OF SOIL SAMPLES EXCEEDING 1 PPM

AND HEXACHLOROBENZENE AND EXPERIMENTALLY DERIVED

K VALUES.<1)
HEXACHLOROBENZENE(Z) EQUILBRIUM(S)
~IN SOIL CORES CONC. OF HEXACHLORO-
BENZENE IN SOIL OCCURRENCE
SOLUTION IN SITE
uG/6 UG/ML yA
1.5 o 0.00035 6.0
3.5 0.0008 2.3
75 0,0018 1.0
17.5 0.004 1.5
37.5 0,008 2.1
/5.0 0,018 8.6
X 0.009 ToraL 21.5
CHECK SITE
>1.0 0,00 100.0
(1) As 1N TaBLE 1/
(2) As 1N TapLe 12

(3)

MAXIMUM ALLOWABLE CONCENTRATIONS OF HEXACHLOROBENZENE

IN COMMUNITY AND NAVIGABLE WATERS ESTABLISHED BY EPA
1s 0,000003 ue/ML (PPM),

Rererence: 40 CFR 129,100 (3)
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TasLe 17 - ESTIMATED EQUILBRIUM CONCENTRATIONS OF BIPHENYL
(PCB) 1N AMBIENT SOIL SOLUTION OF UPPER SOIL
CORES IN OLIN AND CHECK SITE CALCULATED FROM
CONCENTRATION VALUES OF SOIL SAMPLES EXCEEDING
1 PPM BIPHENYL AND EXPERIMENTALLY DERIVED K

VALUES.(l)
PCB 1N EQUILBRIUM CONC.(Z)
SQIL CORE - oF PCB 1IN soIL OCCURRENCE
SOLUTION IN SITE
UG/ G UG/ML A
1.5 0,01 5.4
3.5 0.02 14,7
7.5 0.05 14,4
17.5 0.17 16.9 y
37.5 0.25 7.9
75.0 - 0,50 23.0
X 0,012 ToTaL 82.3
CHECK SITE
3.5 0.02 12.7

- X 0.02

(1) Der1vep K vaLues FroM: CHiou C.T. 1981 PARTITION co-
EFFICIENT AND WATER SOLUBILITY IN ENVIRONMENTAL CHEMISTRY,
IN hAZARD ASSESSMENT OF CHEMIcALS: CURRENT DEVELOPMENT,
VoL, 1. Epitors; J, Saxena anp F. FisHER, Acapemic PRress,
NEW YORK.

(2) As 1N TaBLE 12

(3) MAXIMUM CONCENTRATIONS OF PCB 1n COMMUNITY AND NAVIGABLE
WATERS ESTABLISHED BY EPA 1s 0.001 us/L or 0.000001
ue/mL (PPM). Rererence: 40 CFR 129,105, (4

ol
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TaBLe 18 - ESTIMATED EQUILBRIUM CONCENTRATIONS OF HEXACHLORO-

CYCLOHEXANE IN AMBIENT SOIL SOLUTIONS OF UPPER SOIL

CORES IN OLIN AND CHECK SITE CALCULATED FROM CON-

CENTRATION VALUES OF SOIL SAMPLES EXCEEDING 1 PPM

HEXACHLOROCYCLOHEXANE AND EXPERIMENTALLY DERIVED

K VALUES,

HEXACHLOROCYCLO-
HEXANE IN SOIL

(1)

EQUILBRIUM
CONC, OF HEXACHLORO-

CORE CYCLOHEXANE IN SOIL OCCURRENCE
SOLUTION IN SITE
uG/G us/ML A
1.75 0,000005 5.2
3.75 0.00009 /.6
6.00- 0.0002 /.5
X 0.0008 TortaL oF siTe 20,3
CHECK SITE
>1.0 0.0 100.0

, N EE WE EE U5 BE BN BN BN In IS BE I BN BN NN BN =R
7 |

(1> As 1n TaBLE 12
(2) As 1N TaBLE 12

(3) MAXIMUM ALLOWABLE CONCENTRATION OF HEXACHLOROCYCLOHEXANE

IN COMMUNITY AND NAVIGABLE WATERS ESTABLISHED BY EPA 1s

0,004 me/L (0,004 ue/uL PPM),

REFErReENCE: 40 CFR 141.12
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TABLE 19 - COMPARISON OF SELECT TOXICANT CONCENTRATIONS IN

AMBIENT SOIL SOLUTION IN OLIN AND CHECK SITE FOR

SOIL SAMPLE CONCENTRATIONS EXCEEDING 1 PPM oF
RESPECTIVE TOXICANT.

MEAN EQUILBRIUM EPA CONC.(1>
ToXICANT CONC. IN SOIL LIMIT IN RATIOS
SOLUTION OVER SITE  WATER OLIN/EPA
CHECK OLIN
PPI PPM
ToxAPHENE 0.0 6.04 0.005 1208
DDT 0.0 0.02 0.000001 20,000
DIELDRIN 0.0 0.06 0.000003 20,000
CHLORDANE 0.0 0,20  0.,000003 66,666
PCR 0.02 0.012 0.000001 12,000
(CHECK SITE
20,000)
HEXACHLORO- 0.0 0.009 0.000003 3,000
BENZENE
HEXACHLORO- 0.0 0.0008 0.004 0.2

CYCLOHEXANE

(1) CONCENTRATION RATIO IS MEAN ESTIMATED CONCENTRATION OF

TOXICANT CALCULATED IN SOIL SOLUTION OVER OLIN SITE COM-
PARED TO EPA ALLOWABLE LIMITS.
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Section 5 -Assessment of soil contamination of 0lin site as of June,

1982.

5.1 Analysis of data in Table 1 (Section 1.3), the field description

of soil cores.

Foreign materials varying from glassy grit, stoneséconcrete to
powdered sulfur and lime in the soil profile of the Lake Charles series
underlying the mantle of the 0lin site was observed in the shallow
and deep cores taken in the northern portion of the site encompassing
sample locations 1-12. The strong, chemical odors emitted from the
cores indicates the presence of volatile organic compounds in amounts
that have exceeded the absorptive capacity of the soil and the attenua-
tion of the degrading process. .These observations are evidence of
past industrial activities involved in the manufacture and disposal
of organic compounds. The absence of chemical odors is evident in
the cores of the check sites where the odor and appearances of the
profile are typical of uncontaminated, fresh Lake Charles clay soil.
Soil samples from the southern position of the site (sample locations
15-21) are relatively free of debris and volatile substances with
odor indicating that thisAarea had been utilized for plant operations
that did not involve the manufacture or disposal of material similar
to those in the northern portion of the site. In addition, the soil
cores indicate a higher concentration of materials in the area of
samples 13 and 17 possibly a disposal site as delineated by the air

photographs, Symap, and chemical analysis.
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5.2 - Analysis of Symap and data in Tables 8-11 (Section 4.1, 4.2, and

4.3)

It is quite obvious from the Symap projections that the soil in the
0lin site is contaminated with the respective toxicants at concentrationg
many times greater than the check sites. Symap also identifies the area
of highest contamination as the northern portion of the 01in site in the
area of pre-existing plant buildings and manufacturing activities. The
soil adjacent to the E. fence and drainage channel also show relatively
high levels of the raspective toxicants. . The compound PCB appears to be
ubiguitous in this environment as it is found in the soil over the entirdg
Olin site and the check site as well. This Symap clearly shows the site
of the pre-existing buildings and the area of high concentration near
the E. fences as single-point source (see CFR No. 40 260:10 for defini-
tion) of toxicants over the Olin site,

The data developed for Table 8 estimates the amounts of toxicants
discharged into the environs from the manufacturing activities which
have accumulated in the upper soif profile to 24" depth during the
period of plant operation. The plant had discharged sufficient quanti-
ties of the respective toxicants into the environment to raise levels
absorbed by the soil to levels exceeding the amounts defined by EPA as
hazardous discharge by 2-2000 times. This range identifies only the
toxicants retained in the upper layers of the soil at the time of
sampling and does not measure the amounts that have moved into the deep
s0il matrix and through the soil into the ground water during the opera-
tion of the 0lin plant., Deep soil sample analysis has shown that the

toxicants have moved deeper into the profile where quantities 15-85% of

the surface amounts are retained (see chemist report-Appendix). A total
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i? 1_ofh4641 pounds of toxicants were estimated to be retained in the upper
2/ so0il depth over the 0lin site and only 12.9 pounds in the check site at

3| the time of sampling (Table 8).

4 Comparision of toxicant concentrations in soil of the check and
5{01in site are given in Tables 9, 10,.and 11. For example, in Table 9,
6] the mean concentration of toxaphene in the 01in site soil is 49.7 ppm
T{and 0,15 ppm in the check site indicating that the toxaphene is 324
8| times more concentrated over 47% of the Olin site. The toxicant DDT is
91 94 times (Table 9) more concentrated than the check site over 90% of the
10} 0lin site (Table 11). When the mean concentrations of the respective
11{ toxicants in the 0lin site that exceed 1 ppm are compared to an EPA

12} standard of 1 ppm Esee footnote Table 10) the range for all toxicants

13] was 1-48 times greater than the EPA standards (see Tables 10 and 11) over
{ 14| 18% to 82% of the Olin site.

15} 5.3 Analysis of data in Tables 12-19, the concentration of soil toxicantd

16 in equilbrium with toxicant in ambient solutions.

17 The magnitude of soil contamination can also be assessed from the
18} concentration of the respective soil toxicants in equilbrium with toxi-
19) cant in the ambient soil water. The concentration of toxaphene in the
20| ambient solutijon in equilbrium with the soil in the upper layer of the
21| profile at different concentrations is given in Table 12. Employing

22| calculations. described in Section 4.4, the concentration of toxaphene

23| in the ambient soil solution is estimated at 0.08 ug/ml (ppm). At the

24 highest midpoint level of soil toxaphene, 375 ug/g, the estimated solut-
25( ion concentration is 21.9 ug/ml. The data in Tables 13-18 for thé re-

26| maining toxicants were generated and analysed in a similar manner. In

PN

- 27) the case of toxaphene, 46.9% of the 0lin site exceeded 1 ppm which con-
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tributed a mean concentration of 6.04 ug/ml in the ambient solution.”
When this value is compared to the maximum allowable concentration of
toxaphene in community and navigable water by EPA that is 0.005 ppm
(see footnote Table 12), the concentration of toxaphene in ambient soil
is 1208 times greatef than the EPA é11owab]e 1imit (See Table 19). The
estimated solution concentration and areal distribution for the remain-
ing toxicants are given in Tables 13-18. Since the sojl concentration
levels of the toxicants in the check sites did not reach the 1,00ppm
set by EPA, the ambient solution concentrations were not calculated
except for PCB where KOw va]ués at a mid point soil concentration of
3.5 ppm estimates PCB at 0.02 ppm in ambient solution over 12.7% of the
check sites. In the 0lin site the mean solution concentration of PCB
was 0.012 ppm over 28% of that site.

The collation of data from Tables 12-18 and the ratios between
toxicant concentration in soil solution and EPA allowable Timits in
Watek--are giVeﬁ in Table 19. For each toxicant, except hexachloro-
clohexane, their mean concentration in solution exceeds the EPA allow-

able limits by a range of 1208 to 66,666.

I. CLAIM WAS WAIVED

R. §2.205kat) -
(6C-H) Dec83] -

-
L2 -
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5.4 Analysis of deep soil samples to assess soil contamination in

01in and check sites.

The following assessment is based on data of sample sites 2, 6A,
13, 17, and 20 presented in Tables Al, A2, and Figure 1 of the chemists
report, pp. 30-32 (See Appendix).

The relative toxaphene con;entration in the surface (upper) soil
samples and the deep samples 2' are given in Table Al. The integrated
areas of the chromagraph peaks represent the relative concentration of
toxaphene components and other pesticides in the soil extracts. Assign-
ing a relative value of 1.0 to the concentration of the toxaphene com-
ponents to sémp]e extract 6A-1, the magnitude of soil contamination of
the remaining samples is compared to the 6A-1 standard. Sample 6A-1 was
chosen as the standard because the peak areas indicated a mean concen-
tration fange identified in Table 2, Thus, the concentration of
toxaphene components in sample 2-1 relative to the standard is 9.9 while
sample 17-1 is only 0.19. The important relationships given in Table
A2 and depicted in Figure 1 show the concentration of toxaphene com-
ponents in the deep soil samples relative to the concentration in the
upper éoil profile.

Employing a standard of 100% for the upper samples the deeper
samples, those under 2 ft., exhibit concentration ranging from 80% to
15% of the upper concentration in soil samples 2, 6A, 13, and 17. The
concentration in the deep:-samples for location 20 was undetectable
reflecting the very low concentration in the upper profile (See Table
2 and Table A1), There are several implications in these data:

1. The unusual persistence of the toxicants is manifest by the high

concentrations found in the soil profile.” Hazardous levels of all
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foXiééhfé arérétﬁllmév{dent 10 yéafg aftef the piant operations have
ceased attesting to the very slow degrading processes operating in
the 0lin site and the continuous cumulative building of toxicants in
the soil during the period of manufacturing activities (1933-72).

2. The slow, downward migration of upper level toxicants in the profile
also attests to the persistence of the toxicants and the long-term
adverse impact on the quality of ground water.

3. The concentration of toxicants in the deeper profile, although
15% - 80% of the upper concentration still constitutent a hazard, as
defined by EPA, in the soil and ground water to biological 1ife and
health.
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5.5 Summary assessment and concluding statements.

Chemical analysis of randomized acquired soil samples over the
01lin and check sites provided the data base for a rigorous assessment
of soil contamination.

Symap projection have clearly delineated the location of pre-
existed plant buildings and areas of manufacturing activities as
single point sources of soil contamination in the 0lin site. Existence
of a waste disposal area located on the 01in property near the E.
fence line and drainage channel was also evident in the Symap pro-
jections and independently assessed from distributions - concentration
level of soil samples by the team of organic chemists (see report -
Appendix).

The actual amounts of select toxicants in the soil profile of
the 01in site at the t{me of sampling exceeds the quantities found on
the check site .by a factor range of 100-3000. Approximately 72% of
the 01lin site was contaminated by toxicant exceeding the check values.
However, when these amounts are compared to EPA values for quantities
termed "hazardous wastes discharge" the amounts calculated for the
01in site range from 2-2000 times greater than the EPA Tevel,attesting
to the magnitude of soil contamination at this site (See Table 8).
Utilizing a generic leve] of 1 ppm toxicant in the soil as an EPA
limit for organic pesticides which if exceeded constitutes a"hazardous
concentration", the concentration of toxicants in soil of the Olin
sites exceeds the EPA Timit from 0.77 to 48.7 fold over 72% of the

site.

Concentrations of specific toxicants in the ambient soil solution

in equilbrium with the soil toxicant shows extremely high solute levels
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compared to EPA maximum allowable limits in community and navigable
waters. The concentration of toxicants in ambient solution over 41%
of the 01in site ranges from 0.0008 ppm for hexachlorocyclohexane to

6.04 ppm for toxaphene or a range of 0.2 to 66,666 times the maximum

allowable limits set by EPA.

Analysis of deep soil samples show the persistence of the toxicants

has exceeded the normal half-life (See Sections 6.1 of Appendix).
Presence of toxicants in upper and deeper soil depth at levels that
conétitute a hazard to biological life and health are evident 10 years
after the plant operations had ceased. Concentrations of toxicants in
the deep samples range from 15-80% of the surface value, yet these
concentration exceed EPA allowable 1imits for soil and water and there-

fore constitute a hazardous waste.

— — rr ~
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1| Concluding Statements '

2 It is the professional opinion of the principal scientist and
3| consultant to this study that the soil in the 0lin site is contaminated
4| with select toxic organic substances at concentrations which are

5| hazardous to biological 1ife and health as defined by EPA. This

¢! opinion is based on a rigoé@s. logical assessment of facts from data
7| of several sources developed during this study.

8 1. The upper soil profile (12-24") under the mantle over

9 50% of the 01lin sités contain amounts of toxaphene, DDT
10 and metabolites, chlordane, dieldrin, pentachlorobenzene,
11 hexachlorobenzene, and PCB that respectively and in

12 total exceed the EPA 1imits defined as a hazardous dis-
13 charge by factors ranging 2-2000 times.

14 2. The soil concentrations of the respective toxicants

15 Tisted in (1) above have exceeded the generic maximum

16 1imit of 1 ppm (utilized by EPA) over 50% of the Qlin

17 site by factors ranging from 0.8 to 48.7 times.

18 3. Deep soil cores (24" to 72") in select locations

19 demonstrate that 15-85% of the toxicant concentrations

20 in the upper profile layers are found in the deep cores.
2] Concentrations of toxicants in the deep cores exceed

29 the 1 ppm limits set by EPA.
23 4, MWe have estimated that the respective toxicants ab-
24 sorbed. by the soil had contributed to the equilbrium

- 25 concentration of toxicants in the ambient soil solution

26 (except for hexachlorocyclohexane) at levels that ex-
27 ceeds the EPA concentration 1imits for community and
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 navi§a51e watefé by factors ranging from 1208 to 66,666
times.

Analysis of deep soil core samples indicate movement of
toxicants through the scil profile resulting in toxicant
concentrations from 15-85% of the upper soil profile.
These Tevels in the deep profile constitute a hazardous
level of toxicants and therefore induce adverse effects
on the quality of ground water and present a threat to
biological Tife and health.

The persistance of the respective high concentrations
of toxicants in soil of the 0lin site exceeds the ex-
perimental half a life of the respective toxicants and
therefore the toxjcants have continued to present a
hazardous waste in the soil and soil solution 10 years
after manufacturing operations had ceased. It is not
possible to make a definitive statement as to the

length of time these toxicants will remain at hazardous
1eve]$ in soil of the 01in site. It is suspected how-
ever because of the exceptional high levels of toxicants
in the soil, the lack of 1ight and reduced level of
oxygen beneath the mantle which depresses the degradation
process, the toxicants will remain at hazardous levels
for an extended period, perhaps 15 years based on the
optimum conditions.

At the time of sampling, the amounts and concentrations
of the respective toxicants in the soil of the 0lin site

exceeded the levels of identical toxicants in the check
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sitesrby a mean factor of 173 times. Since the check
sites are representative samples of the environment with
the same ecosystem as the 0lin plant site, the large
toxicant concentration differences between sites is
indicative of pravious abnormal adulteration of the soil
in the 0lin site with the products produced during the
manufacturing activities at the 0lin site.

Symap projections coupled with deep soil sample analysis
delineate the areal and depth limits of the soil con-

tamination in the 01in site.

C.B.I. CLAIM WAS WAIVED

- 40 C.F.R. §2.205 btafl) -
- [ .T. (6C-H) Dec83]
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Section 6 - Appendix

6.1 Calculations.employed to generate data for Tables 8-19 of the

Olin report.

6.2 Chemical analysis of soil samples from Houston site.
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Section 6.1 Calculations employed to generate data for Tables 8-19 of
" the 0lin Report.

Table 8
1. Area of 0lin site 8,580 acres, (373,750 sq. ft.).
2. Estimated vofume of upper soil cores:
373,750 sq. ft. x 1 = 373,750 cu. ft.
3. Wt. of soil volume: 373,750 x 1.30 (bulk density)
x 60.2%(cu. ft. water) = 30,124,250"
4. Estimated pounds of respective toxicants in 0lin site
based on Symap projections:
Number of occurrances
j:gi for each value No. <+ 2,166 . 30,124,250 -
T x 106 X Midpoint concentration.
5. Estimated pounds of respective toxicants in check sites
based on'Symap projections:

330 occurrances for

one value No. : 2,166 3 30,124,250 + 1 x 10%%
Table 9 Estimated mean concentratioxigi—?;ﬁgggt$§g1%§;?ggiggcg; soil
of 0lin and check site
:z;; Number of occurrances
for each value 'No. x Midpoint conc. } 2,166
Table 10 Estimated percentage of sites gontaminated with respective
toxicants at concentrations exceeding 1 ppm - from Symap
projections;
0lin site

number of occurrance

for each value No. D1 ppm /<~ 31 ppm total

QCccurrances
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check site - single site

162 X Value No. > 1 ppm {-Tota] occurrances > 1 ppm
check site - two sites
(site 1) + (site 2) = 2
Table 11 Estimated mean areal distribution of concentratfons of

toxicants in 0lin and check sites compared

Number of occurrances of each total No. occurrances

-
—

value No.D check values ) check values

Number of occurrances of )K Midpoint {7 total of occurrances

each value No. Hcheck value  ON¢ check values

Table 12-18 Estimated concentrations of toxicants in ambient soil
solutions of Olin and check sites. From Symap pro-
jections and Kow coefficients for all toxicants at soil

concentrations exceeding 1 ppm.

1. Log Koc = 1,019 - KOw . - 0.18 (See Section 4.4)

KOC = Equilbrium constant based on pesticide
retention by organic matter in soil.

Kow = Octanal/water partition coefficient for
speqific toxicant (from literature).

2. KOC = ug/g absorbed/g of organic carbon (0.C.)

ug/ml of solution
3. Lake Charles Clay soil, upper profile, 2.5% 0.M.

or 2.5 = 1.4% 0.C. organic carbon
2 conversion factor

4. 1.0g soil = .014g 0.C./g soil
.014 :




Py

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

84

5. Equilbrium conc. of specific toxicant in solution for each value
number exceeding 1.0 ppm becomes:

ug/ml solution = ug/g soil / KOC
.014
6. Mean equi]brium’concentration for specific toxicant:
ug/ml solution for >< No. of occurrances
each value No, 1 ppm

— total No. of occurances 1 ppm

Table 19 Comparision of solution concentrations of respective

toxicants and EPA limits, .
X conc. in site — EPA conc. limits

(1)

Persistence of select organochlorine insecticides in soil

(2)

Time for
95%
Chemical Half-11fe dissappearance
(years) {(years)
Chlordane 1.0 4
DDT 2.8 10
Dieldrin 2.5
Toxaphene 0.8 3.5

(1)bata from: Edwards, C.A. 1981 In Persistent pesticides in the
environment, 2nd Ed. CRC Press, Boca Raton, Florida.

(2)Data based on silt loam soil planted to annual crops and culti-
vated each year.
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Section 6.2

- Chemical Analyses of Soil Samples
From Houston Study Site

Prepared for:

Pollution Assessors
Houston, Texas

By:
Dr. E. Atlas

In Consultation With:
Drf C. S. Giam
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this report are the sole responsibility of the
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Environmental Chemistry. Though the author is an
employee of the Texas A&M Research Foundation,
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University System reviewed or endorses the contents
of this report.
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Introduction

This report describes the results of chemical analyses of
soll samples submitted by Dr. Eugene-Brams of Pollution Assessors
from a site in Hoﬁston, Texas.

The objective of the study was to determine the concentra-~
tion of selected chlorinated hydrocarbons (e.g. pesticides) at
the study site in Houston. Selected compounds include téxaphene
and DDT (figure 1.), as well as HCB, HCH, chlordane and PCB.
Methods

Details of the methodology are presented in the technical
section in part two of this report. Briefly, soil samvles
collected at the site were subsampled and stored frozen until
analysis. The organic compounds were extracted from the soil
using suitable organic solvents. Separation of the complex mix-

ture of compounds in the extract was carried out by adsorption

~chromatography followed by capillary gas chromatography.

Results and Discussion

The data (Tables 1 - 4; Part II) show that several of the
sites have relatively high levels of DDT and toxaphene, as well
as hexachlorobenzene, hexaqblorocyclohexane, chlordane, and poly-
chlorobiphenyls. The highest concentrations were found at sites
2, 3, 6A, 10, 11, 13 and 17. The lécalized high concentrations
of these chemicals at fhese sites is consistent with the suggestion
that there had been previous industrial activity at the sites,
e.g. manufacture, storage, spillage, etc., rather than general

background levels of pollution.
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Fd ' Figure 2.

Approximate relative locations of sampled sites.
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Technical Summary

Introduction

This section of the report will discuss in more detail the

methods and results of analyses for the set of soil samples from

the Houston study site.

Methods

1) Sampling. Sampling was performed by Brown and Associates
using a coring technique. The core sections were sub-sampled
using solvent-rinsed metal tools. The soil samples were
placed in pre-fired (>500°C) mason jars with aluminum lined
caps and were kept frozen until analysis. This procedure
minimized any background contamination from sample handling

techniques.

2) Extraction. Approximately 50 gram (thawed) samples

were weighed into 300 ml round-bottom flasks. Large
clumps were physically broken-up using a clean spatula. The
sample was refluxed over a steam bath in 100 ml of a 20%
acetone: acetonitrile (v/v) mixture for two hours. After
cooling, the sample was filtered and rinsed two times with
50 ml of acetonitrilé. The filtrate was diluted with 700 ml
of 5% NaCl. The diluted filfrate was extracted 3 times with
207% methylene chloride: petroleum ether and concentrated to

nv25ml and dried with sodium sulfate in preparation for column

chromatography.
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3) Column chromatography. Chromatographic separation was

performed on a 13 g 1.25% deactivated Florisil column.

A 5-ml aliquot of sample extract was placed on the column
and eluted with 50 ml petroleum ether (fraction 1) and 50 ml
5% diethyl ether: petroleum ether (v/v) (fraction 2).

These fractions were adjusted to appropriate ﬁolumes for
subsequent gas chromatographic analysis.

4) . Gas-chromatography. The samples were analyzed on a

Hewlett-Packard 5880 gas chromatograph utilizing a 63Ni

electron capture detector. The column was a 30-m DB-1
fused silica column (0.25 mm i.d.), hydrogen was the carrier
gas (28 psi). The injector and detector were operated at 225°

and 325°C, respectively. The oven program was: 100°C (1 min.),

10°/min. to 130° (hold: 1 min.), 5°/min. to 270° (hold: 5 min.).

Peak height, areas, and retention times were recorded and
calculated with an electronic integrator. Authentic pesticide

standards were used for calibration of the instrument.

Note:

The analytical methods described here were based on published
procedures and also on protocols developed independently over many
years by the Environmental Chemistry Group under the direction of
Professor C. S. Giam, (see feference list). The basic methodology
has been validated by numerous intefnal checks and external inter-
laboratory comparisonsf The analyses reported here were performed
by or under the direct supervision of Dr. E. Atlas, a Senior

Research Scientist, with Professor Giam's Group. It is emphasized

that neither the Texas A&M Research Foundation nor the Texas A&M
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University System reviewed or endorsed the contents of this
report. Appropriate literature citations are attached.
Results

The results of the analyses are given in Table 1-4. GC/MS
analyses of selected samples confirmed the presence of toxaphene,
DDT compounds and other chlorinated compounds in the samples.
Additional confirmation was provided by alkaline hydrolysis of
the sample extracts. Blanks analyzed along with the samples
showed negligible background contamination. Chromatograms of
blanks were routinely clean which demonstrated the cleanliness
of the laboratory procedures used in this study. Furthermore,
soil samples with only trace quantities of contaminants demonstrated
that the sampling procedure did not introduce artifacts into the
samples prior to analysis. For example, compare the chromatograms
of site 15-1 (Fig. 3) and 2-1 (Fig. 4). Even though the extract
from site 15 was concentrated over 5000 times more than that from
site 2 only traces of compounds are seen in the chromatogram.
Excellent recovery of toxaphene, DDT and other pesticides was found
for spiked samples analyzed’with the normal samples. Sample number
designations were those supplied by Brown and Associates (1982).

Relative positions (approximate) of the sample locations is given

in Figure 2.
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Toxaphene concentration (ug/kg) in soil samples from study site.

Sample Designation

1-1
2-1
3-1
3-2
4-1
5-1
5A-1
6-1
6A-1
7-1
8-1
9-1
10-1
11-1
12-1 -
13-1
14-1
15-1
16-1
17-1
18-1
19-1
20-1
21-1
22-1
23-1
Cil-1
c2-1

Table 1.

Toxaphene Concentration

1080
701000
421000
342000

<5

95

<7

<4
71100
126
<6

<5

7000

3110

<4
27000
<2

<5

<7
13400
1560
<4

<4

<4

40

164
156

95
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Table 2.

Concentrations of DDT and metabolites (ug/kg) in

from study site. . -

96

soil samples

Sample Designation DDE* DDD* DDT* ZDDT**
1-1 105 453 248 806
2-1 8000 11100 69800 88900
3-1 17200 36700 22600 76500
3-2 427 17100 15600 33100
4-1 <1 <1 12 12
5-1 <1 <1 35 35

5A-1 1 <1 7 8
6-1 55 40 14 109
6A-1 ' 309 30400 3326 33762
7-1 488 173 39 700
8-1 3 <1 63 66
9-1 19 9 9 37
10-1 1500 3 13600 15100
11-1 . 1470 1686 616 3769
12-1 <3 <1 9 9
13-1 21300 5930 3470 30700
14-1 783 12200 5100 18100
15-1 <2 <1 10 10
16-1 7 4 34 45
17-1 7104 402 5960 13500
18-1 -.390 419 1080 1880
19-1 9 24 8 41
20-1 <1 <1 5 )
21-1 ‘ 4 4 11 19
22-1 79 127 7 206
23-1 12 3 46 61
Cl-1 : 2 <1 688 690
c2-1 126 <1 24 150
* includes both o,p and p,p' isomers

**7DDT = DDE + DDD + DDT
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Concentrations of selected chlorinated hydrocarbon insecticides

(ug/kg) in soil samples from study site.

Sample Designation

1-1
2-1
3-1
3-2
4-1
5-1

5A-1
6-1

6A-1
7-1
8-1
9-1

10-1

11-1

12-1

13-1

14-1

15-1

16-1

17-1

18-1

19-1

20-1

21-1

22-1

23-1

Ci-1

c2-1

Hexachlorocyclohexane Chlordane Dieldrin

3230

11100
5600
4180

166
6
55
<1
2440
12
82
32
147
120
<2
641
<2

7520
361

<2
<2
<2
<2
<2

<2

122
10800
10700

3041
1

<1

1

3
10690
65
<1

1
485
765
<1
2430
474
<1
<1

633

215

<1l

56
18
10
<1

18
4260
2190
2471

<1
<1
<1
<1
314
<1l
<1
<1

310

36
<1
1080
185
<1
<1

490

22

<1
<1
31
10
20
<1
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I ( Table 4.
I Concentration of chlorinated benzenes and chlorinated biphenyls (PCB)
(ug/kg) in soil samples from study site.
l Sample Designation ' Pentachlorobenzene Hexachlorobenzene PCB*
l 1-1 A 8 63 1
2-1 2560 70500 10700
l ' 3-1 : 2930 12400 41300
3-2 - 1680 2080
I 4-1 <1 <1 27
5-1 <1 <1l <l
5A-1 <1 7 <2
l 6-1 <1 <1 <2
6A-1 8 81 175
I 7-1 <1 34 8490
7 8-1 <1 <1 | <1
I » 9-1 <1 <1 <1
10-1 . 20 86 51
I 11-1 20 43 16800
12-1 <1 <2 4
l 13-1 183 212 176
14-1 53 153 2870
l 15-1 <1 <1 <1
16-1 5 <1 273
17-1 y 64 79 393
l 18-1 4 13 174
19-1 <1 : 1 <1
l 20-1 N <1 <1 )
21-1 . <1 <1 <1
' 22-1 3 <3 1170
23-1 <1 ) 20
l c1-1 <1 4 7
{ c2-1 ST <2 2580
i
1
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Discussion

The soil samples from the study site contained a complex
variety of chlorinated hydrocarbons contaminants with a concen-
tratién range of over five orders of magnitude. Also, there
were often distinct differences in the gas chromatographic
"fingerprint' from area to area throughout the study site.

Some of these differences are illustrated in Figures 3 to 9.

These figures are electron capture chromatograms of repre-
sentative sample extracts and authentic standards. (Note:

SDecause of the large concentration differences involved and to
allow a better comparison of chromatograms, a numerical figure

is provided with each chromatogram to indicate the relative

degree of dilution of the sample extract. Thus, a small number
indicates a relatively small sample dilution (e.g. figure 3);

a large number (figure 4) indicates that the sample required
considerable dilution because of high concentration of contami-
nants.) The electron capture detector is most sensitive to
halogenated compounds and is fairly selective in its response to
organic compounds. Other classes of compounds, such as polynuclear
aromatic hydrocarbons, will not be measufed with the electron
capture technigue. Thus, the analyses reported here do not re-
flect a comprehensive sur&ey of all.classes of organic contaminants
potentially present in the soil samples. Furthermore, only those
electron-capture compounds which could be identified with authentic

standards are reported here.

Based on information from the gas chromatographic analyses,

a brief summary is given for each sample site:
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Moderate levels of contaminants; including some
unidentified early eluting components. Unknown
compound at 11.47 minute retention time (RT).
Heavily contaminated with toxaphene, DDT's and
other chlorinated compounds. Unknown at 11.47
minute RT.

Both surface and deep samples show a high degree

of contamination by toxaphene, DDT, and other

.compounds. - Unknown at 11.47 minute RT.

Relatively clean site; some hexachlorocyclohexanes
(HCH).

Relatively clean site. Unknown at 14.15 minute RT.
Similar to Site 5.

Relatively clean site. Unknown at 14.13 minute and

'14.15 minute RT.

Relatively contaminated site; similar to Site 2,
and 3. Unknown at 11.47 minute RT.

High levels of PCB.

Relatively clean site; some HCH.

Similar to Site 8.

Relatively contamingted by toxaphene and DDT.
Unknown at 11.47 minute and 10.1 minute RT.

High 1é§els of PCB; otherwise similar to Site 10.
Unknown at 11.47 minute RT.

Relatively clean site.
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Site 13.)
Site 14.)

Site 15.)

Site 16.)

Site 17.)

Site 18.)

Site 19.)

Site 20.)

Site 21.)

Site 22.)

Site 23.)

Control)

In general,
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DDT and toxaphene contamination; other components
relatively high. Unknown at 11.47 minute RT.
Mostly DDT contamination. Unknown at 11.47 minute
RT.

Relatively clean site.

Relatively high levels of HCH; some unidentified
earl& eluting compounds.

Moderately high contamination by DDT, toxaphene
and other compounds. Unknown at 10.08 minute

and 11.47 minute RT.

Moderate contamination'by DDT and toxaphene,.
Unknown at 11.47 minute RT.

Relatively clean site. Unknown at 11.47 minute RT.

Relatively clean site. Unknown at 14.1 minute RT.

Relatively clean site.

Some PCB contamination; otherwise relatively clean
site.

Relatively clean site.

Control sites Cl and C2 are relatively clean sites,
though C2 shows moderate contamination by PCB.

the area most contaminated with toxaphene and

DDT is found in the northern section of the study site (Samples

1, 2, 3, 64).

A second area of contaminated soil is located on

the eastern edge of the site around sample areas 13 and 17. Also,

high levels of PCB are located in the adjacent sites 7 and 11.
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The samples contaminated with toxaphene and DDT are, in general,
three to five orders of magnitude higher than other samples within
the study area and compared to the control site. These very high
localized>concentrations of chlorinated compounds are consistent
with the suggestion that their source is from prior industrial
activity, e.g. manufacture, use, spillage, etc., at specific
locations on the site rather than from generalized pollution from
the surrounding area.

One other notable feature of the soil extracts was the
common appearance of an unidentified peak at 11.47 minutes re-
tention time. The general occurrence (not-quantitative) of this
compound is mapped in figure 10. It was a major peak in some of
the gas chromatograms. Preliminary tests identify the compound
as a chlorinated compound, but its identity cannot be established
without furtherqtesting.

The distribution of this compound is similar to the areas

of high concentration of toxaphene (figure 11).

C.B.I. CLAIM WAS WAIVED

- [J.L.T. (6C-H) DecBd] -
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ADDENDUM:
COMPARISON OF SURFACE AND DEEP SOIL SAMPLES:

Introduction

Chemical analysis of soil from two depths of the same core
sample (#3) revealed high concentrations of toxaphene in the deep
(2-4') soil layers compared to the surface (0-2') layer. The
deep section contained approximately 80% of the concentration of
toxaphene measured in the top layer. Pollution Assessors, Inc.
has requested examination of additional deep soil samples to
determine the extent of penetration of chemicals at other sites
in the study area. The samples chosen for re-examination are
listed below: (See Figure 2 for locations.)

Sample Designation Approximate Depth in Core

2-1 0-2"
2-2 2-4"
2-3 4-5"
2-4 5-7"
6A-1 0-2"
6A-2 2-4"
13-1 0-2'
13-2 2-4"
17-1 0-2"
17-2 2-4"
20-1 0-2"
20-2 2~-4"
Analysis

For the purposes of the comparison, 1 g soil samples were
extracted with methaqpl and petroleum ether and the resultant
extract was analyzed by fused silica capillary gas chromatography
using electron capture detectgrs (identical to analyses described
earlier). As in the earlier detailed analyses, the main com-
ponents of the extracts were toxaphene, DDT components and the

unknown compound at retention time of 11.5 minutes.
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{' Results and Discussion

To examine the extent of penetration of chemicals into
the deep samples, total integrated peak areas from the chroma-
tograms of the surface and deep sample were compared for each
soil core. Because of the predominance of toxaphene components
in the so0il extracts, this comparison 1s basically a comparison
of the relative toxaphene concentrations in the surface and
deeper samples. (See Table Al). The results are shown in

Figures Al and in Table AZ.

Table Al

(' Comparison of surface toxaphene concentrations (Table 1)
determined on 50g sub-samples and total integrated peak areas

measured on lg sub-samples (areas and concentrations normalized
to site 6A-1).

Relative Relative
Sample Designation Peak Areas Toxaphene Concentration
2-1 12.3 2.9
G6A-1 1.0 1.0
13-1 0.35 0.38
17-1 0.19 : 0.19
20-1 b.d.* b.d.*

*b.d. = below detection

L
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Table A2

Relative concentration of chlorinated chemicals* of

surface and deep soil samples.

Total**

Sample Depth Area x10° % of Surface

2.1 0.2 17.5 100
2.2 2-4" 14.2 81
2-3 4-5" 6.6 38
2-4 57! 1.67 9
6A-1 0-2" 1.42 100
-2 2-4" 1.16 82
13-1 . 0-2! 0.50 100
-2 2~-4" 0.08 15
17-1 0-2" 0.28 100
-2 2~-4! 0.14 50

20-1 0-2° <.001 -

-2 2-4" <.001 -

*Electron capture sensitive components (primarily toxaphene).

**Normalized to lg soil; 1ul injection/10 ml sample extract.
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The data here shows-that at any given site there is
measurable and significant penetration of toxaphene and other
chemical compounds below the 0-2' surface soil layers. A
range of 15- 82% of the compounds in the surface layer are

found in the adjacent 2-4' depth zone in the soil core.

Deeper soil samples at site 2 (up to 7') show generally de-

creasing levels of chlorinated compounds -with increasing
depth in the soil core.

As was found"in the detailed analyses of the surface
soil samples, site #2 contains the highest concentration of
chemical contaminants compared to the other sites tested.
In fact, the deep sample (5-7') at site #2 showed a comparable
or greater level of coﬁtamination compared to the other surface
samples tested. The clean surface and subsurface soil samples
at site #20 demonstrated that there was not significant sub-
surface mobilization of chemical contaminants to the southwest
quadrant of the study site, at least above the 4' soil level.
SUMMARY :

Sub~-surface soil samples (2-4') at the Houston study site
showed a significant fraction of the chemical compounds found

in the surface layer. The range was from 15-82%.

AIM  WAS WAIVED
§2.205 &R
C-H) Decsd]
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